The study of the effects of radiation on the development of the shoot arising from irradiated seeds appears to be of special interest . The pollen mother cells and megaspores undergoing meiosis, reach that stage after many mitotic cycles . The degree to which chromosomal aberrations persist at meiosis affects the viability of the gametes and therefore, the fertility of the plant . Genetic consequences are to be expected in the form of gene mutations, and the expression of these will be asso ciated with chromosomal aberrations persisting at this stage . Therefore, investiga tions of types of aberrations involving chromosome breakage and their genetic con sequences form an integral part of most of the studies on radiation genetics . Fixation of buds in aceto-alcohol (1:3) was followed by aceto-carmine squash preparations. Photographs were made and scoring was done from the temporary preparations. The seeds collected from Ml generation plants (dose-wise) were sown in similar conditions. The M2 generation plants were investigated in the same way for scor ing the data, as discussed above.
Experimental work

Results
The normal meiosis in varieties microsperma and macrosperma show seven bivalents in each case. In variety microsperma there are four bivalents with two terminal X' ta, two with three X'ta (one interstitial) and one with one X'ta. In variety macrosperma there is only one bivalent with three X'ta, otherwise it resembles variety macrosperma.
But in the irradiated populations, in a few cases, at high dose level instead of usual six bivalents with two or three X'ta and one rod bivalent, the pollen mother cells contained from 2 to 4 rod bivalents (Figs. 1 to 4 The bridges appearing at anaphase II were clearer in outline and their ap pearance did suggest that inversion bridge might have been present at anaphase I preceeding this formation (Figs. 10 to 13).
From Table 1 -6 it was apparent that the percentage of pollen mother cells with abnormalities showed a direct relationship with the increase of dose. The complex translocations and disturbances at cytochemical level gave rise to multivalents (trivalents, tetravalents etc.), unoriented bivalents and cells showing stickiness. Such abnoralities attained a very high percentage at higher dose level, reaching its maximum at 20 kr.
The formation of abnormal pollen grains along with pollen sterility increased with the increase of dose, and they also reached their maximum at 20 kr ( Fig. 14 and  15 ).
The fertility of plants (Table 7) when analysed in Ml generation, appeared to be inversely proportional with dose. The maximum fertility was recorded at 4kr, while it reached its minimum at 20kr. At all other doses, it was intermediate between the two. In M2 generation, the fertility of the plants increased at every dose level as com pared to that in Ml generation (Table 7) .
The above noted abnormalities occurred in nearly the same proportion in both varieties, the percentage tending to be higher in variety macrosperma than micros perma.
Discussion
It may be noted from the Tables (1 to 6) that there was a consistant tendency of increase with dose in every type of abnormality recorded at meiosis of Ml and Ma plants. But the incidence of abnormalities was very low in M2 plants as compared to that in Mi generation. Table 2 . Aberrations recorded at anaphase/telophase of meiosis in variety Macrosperma
The chang erecorded in the behaviour of normal bivalents, brought about a varia tion in chiasma frequency amongst the irradiated population. Such a change in creaseed the variance ratio at lower doses, but at high dose levels it had a tendency towards decrease. The low chiasma frequency at high doses may either be attributed to failure of complete pairing, which was to be expected following complex structural changes at high doses or to the change in the nature of gene controlling chiasmata formation. (Sinha and Godward 1969 , Riley 1966 , Gottschalk and Villalobos pietrini 1965 .
The translocations recorded in the pollen mother cells were both of "alternate" and "adjacent" types. The "zigzag" configuration noted at metaphase I (Fig. 5) were the outcome of 'alternate' configuration. These were capable of giving rise to "balanced" pollen grains , which were viable in most cases. The "adjacent" orientation resulted in the formation of open chains (Fig. 6 ) which lead to non-viable pollen grains containing duplications and deficiencies. The number of chromosomes involved in the formation of "zigzag" configuration or "open rings" ranged from four to eight in general. In some cases the numbers were more also. The presence of trivalents and univalents in the same pollen mother cells pointed out to the fact that in such cases either four chromosomes were involved, out of which, one behaved as 'univalent' or translocations did take place in only three chromosomes. At lower dose levels, the multivalents were less in number, but at the dose of 20 kr there was a sharp increase in the number of multivalents.
The sharp increase presumbaly reflecting the numbers of translocations pres ent, may be due to the high incidence of exchanges taking place at post radiatio n stages in the seeds. Most of the multivalents recorded at high dose levels were of "open" type (adjacent orientation).
The presence of bridges was common at both anaphase/telophase I and II . A number of bridges noted could be interprated as due to paracentric inversions . The occurrence of tetravalents (adjacent type) at metaphase I may cause lag gards or unequal segreggation of chromosomes at anaphase. I. The laggards may lead to the formation of micronuclei, whereas, unequal seggregation of chromosomes might give rise to unbalanced groups of chromosomes at the two poles in telophase I (Fig. 15) . to go hand in hand with suppression of cytokinesis resulting in the formation of monads, diads, or triads instead of normal tetrads (Fig. 14) . In some cases, it was recorded that due to unequal segreggation the tetrad formation lead to the develop ment of unequal size pollen grains (Fig. 13) . In the meiosis of M2 plants, it appeared that many of the above disturbances were eliminated due to failure of such aberrations to be carried over to M2 generation, the process of natural selection having eliminated them from Ml population. The elimination of chromosomal aberration appeared to start, just after the germination of irradiated seeds in Ml generation (Sinha and Godward 1969 From the above discussion, it is evident that in M, generation, the predominance of chromosomal aberrations may be the major factor responsible for inducing sterili ty in the plants. From the data recorded in present investigation, it is clear that the increase in the chromosomal aberration is accompanied by a decrease in yield in both the varieties. It may be mentioned here that although the "alternate type" of translocations resulting in "zigzag" configuration may lead to the formation of balanced pollen grains, but a number of pollen mother cells carrying inversion bridges, fragments, laggards, unoriented bivalents etc. at higher dose level, are capable of giving rise to non-viable pollen grains causing deficiencies and duplica tions in them. The rings and chains formed by multivalents arising due to "ad jacent" translocations record a consistent tendency of increase with dose. As dis cussed above, these also result in the formation of non-viable pollen grains.
Since a similar result is also expected in megaspores, the rate of pollen sterility would be comparable to that of ovule sterility. So the phenomenon of low fertility may be attributed to either pollen or ovule sterility, or both.
In M2 generation, the fertility of the plants increase at every dose level as com pared to that in Ml generation. Such an increase in the fertility of plants accom panied by a decrease in the percentage of abnormalities recorded in pollen mother cells of M2 generation plants appears to corroborate the above findings, but the role of mutant genes causing sterility may not be ruled out completely at this stage.
The difference in radiosensitivity between the two varieties towards the same dose of radiation may be due to the differences in their genetic set up. Such varietal differences in radio-sensitivity has also been reported by Blixit et al. (1958) in pea and Saric et al. (1964) in wheat.
Summary
In M1, the PMC showed abnormalities, which appeared to have increased with dose, and they persisted through out the development of the shoot.
In M2 the PMC with aberrations were far fewer than in M1, but their presence in Ma shows that they have been perpetuated through the male and female gametes of M1 generation. 
